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THE CHE'MICAL PHASES OF A WATER SOFTENING
PROBLEM.
A. ELLIOTT KIMBERLY,
Columbus, Ohio.
THE application of methods of analysis, and their interpreta-
tion with reference to problems of water softening, depend chiefly
upon the relative amounts of calcium and magnesium which the
water contains. Since the composition of water is in a large
measure dependent upon geological conditions, it would not
appear to be possible to apply general methods of analysis, or to
expect that anyone method of interpreting analyses would be
universally applicable. In a study of the character of a portion
of the water supply of the city of Columbus, Ohio, several ana-
lytical features were developed, which illustrate the limitations of
general methods of analysis for waters containing considerable
quantities of magnesium.
As water softening is probably of growing importance in con-
nection with the hygienic purification of hard waters, it seemed
to the writer that an outline of the chemical phases of one of
these water-softening problems might be of general interest.
The suggested method of stating the results of the analysis of
water for softening purposes is proposed with the hope that it
may add strength to the plea for the adoption of a procedure for
expressing the analytical data necessary to calculate the chemical
treatment of a water, which shall be merely a statement of facts
analytically determined.
THE STATUS OF THE MINERAL ANALYSIS OF WATER.
The analysis of water for softening purposes essentially differs
from a sanitary analysis, in that it is chiefly concerned with the
dissolved inorganic substances which constitute hardness. The
relative amounts of calcium and magnesium forming the alka-
linity and incrustants are the principal features of an analysis of
this character. Oomputations of the chemicals required to soften
a hard water have generally been based upon the assembled
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results of a gravimetric analysis of the dissolved mineral constitu-
ents. While there can be no question as to the reliability of these
data in so far as they relate to the total quantities of calcium,
magnesium, and the acid radicals present, respectively, as soon as
it becomes a question of deducing from these data the amounts
of the specific salts of these bases conceived to exist in solution
in the water, such a variety of views exists as to the procedure to
be followed that different observers, working upon the same
water, rarely report concordant results.
The question of the interpretation of a mineral analysis of
water has been the subject under discussion in the more recent
papers on water softening, the conclusions of the authors sug-
gesting greater simplicity in expressing results, urging that only
the facts of the analysis be reported, and demonstrating that the
salt combinations are unnecessary for calculating 'a softening
treatment. Thus McGill,l in a paper on "Water Treatment,"
discusses the vexed question of the mineral analysis, and urges
that results be reported in terms of the oxides of the bases, and
in terms of the acid radicals present, showing also that these data,
supplemented by the determination of the alkalinity and the
incrustants, respectively, are sufficient for making calculations of
the chemicals required to soften a given water.
Handy," in an article on "Water Softening," suggests the
wisdom, in certain cases, of expressing the results as uncombined
mineral constituents, thus departing from the older method of
reporting the bases and the acid radicals in combination, since
the complexity of many waters renders data thus expressed prac-
tically matters of conjecture.
A study of the composition of a portion of the water supply of
the city of Oolumbus, Ohio, has shown the applicability to this
water, under the conditions existing during the investigation, of
a form of expressing the results of its analysis, especially relative
to softening, in which the bases alone are reported. As an illus-
tration of the facility with which the treatment of this water may
be calculated from an analysis thus expressed, the necessary data
1Bull. No. 55 Amer. Ry. Eng. and Maintenance of Way Association.
2 Proc, Eng. Soc. Westel'n Penna., December, 1903.
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OHEMICAL PHASES OF A WATER SOFTENING PROBLEM 159
and the methods of analysis employed in their determination are
now presented in detail.
DATA NECESSARY FOR SOFTENING CALCULATIONS AND METHODS
USED FOR THEIR DETERMINATION.
To calculate the amounts of chemicals necessary for the treat-
ment of a magnesium water, such as the one under study, the
following data are required:
The free and the half-bound carbonic acid.
The alkalinity.
The incrustants.
The total magnesium.
The total calcium.
The incrusting calcium.
The free and the half-bound carbonic acid and the alkalinity
were determined by the usual methods; the incrustants by Soda
Reagent; the total magnesium by a modification of Pfeifer's
method, which consists in precipitating the magnesium with an
excess of standard lime water, and determining the excess by
titration with standard sulphuric acid; the total calcium by the
usual gravimetric method, and also by calculation from the total
hardness; the incrusting calcium by a gravimetric determination
of the calcium not removed by boiling, correcting for the calcium
present due to dissolved normal carbonate.
The determination of total magnesium.-Into a porcelain
evaporating dish measure 100 c.c. of the water, and add that
amount of fo sulphuric acid required to neutralize the alkalinity.
Boil to a volume of about 50 c.c. to expel the carbonic acid, and
transfer the solution to a 200 c.c. flask of Jena glass, graduated
at 205 c.c. and provided with a ground glass stopper. Introduce
by means of a pipette 25 c.c, of clear saturated lime water. (The
amount of calcium oxide present must be 50 per cent in excess of
the amount required to precipitate the magnesium.) Quickly
make up the volume to 205 c.c. with boiling distilled water,
stopper the flask, and mix thoroughly. Place the flask on the
water bath for 15 minutes, cool, and allow the precipitate to settle
completely. Pipette off 100 c.c, of the clear solution into a 100
c.c, nessler tube containing slightly less to sulphuric acid than
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will neutralize the excess of calcium oxide, titrate with to sul-
phuric acid, with phenolphthalein as the indicator, using the
glass stirrer and observing the same precautions as in the Behler
method for the determination of free carbonic acid. Owing to
the effect of temperature upon the solubility of calcium oxide, it
has been found to be necessary to make a blank determination
with distilled water and lime water.
It is clear that in this blank determination the procedure must
be identical with that used for the water, and that great care must
be exercised to avoid carbonation of the lime water through
exposure to the air. Twice the difference between the number
of c.c. of to sulphuric acid required to neutralize 100 c.c. of
the lime water blank, and the number of c.c. of to sulphuric
acid required to neutralize the excess of lime in 100 c.c, of the
sample, is an expression, in terms of to sulphuric acid, for the
amount of magnesium present in 100 c.c, of the water under
examination. The following formula is convenient for calculating
the amount of magnesium in parts per million.
Let S =Number of c.c, of l'u H 2S0 4 required to neutralize 100 c.c. of the
lime water blank.
Let N = Number of c,c. of ll~ H 2S04 required to neutralize the excess of
calcium oxide in 100 c.c. of the mixture of lime water and of hard water.
Then Magnesium (Mg) Parts per million =2.4 (2S-2N).
The method gives very satisfactory results provided that the
precautions mentioned above are rigidly observed. The change
in the strength of the lime water during the heating involved in
this method is illustrated by the following example of an analysis:
Strength of Lime Water (Available CaO).
Parts per million.
Lime Water Blank.
Before Heating After Heating
974 896
Analysis.
Formula: Mg=2.4 (2S-2N). = 2.4 (40-18) therefore
S =20 N = 9 = 53 parts per million.
A gravimetric analysis of the same water gave 55 parts mag-
nesium per million. The above volumetric results agree very
closely with the gravimetric results, and appear to be well adapted
for the rapid determination of magnesium in hard waters.
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Calculation of the Total Caldum.-The total hardness of a
water expressed in terms of calcium carbonate, is the sum of the
alkalinity and the incrnstants, which are generally expressed in
terms of calcium carbonate. If from the total hardness thus
expressed an amount of calcium carbonate equivalent to the mag-
nesium present be deducted, the remainder will, obviously, be an
expression in terms of calcium carbonate, for the hardness due to
calcium.
Incrusting Calcium.-The determination of the incrusting
calcium consists in boiling 500 c.c, of the water in a porcelain
dish to a volume of about 200 c.c.: removing the precipitated car-
bonates by filtration and determining the calcium in the filtrate
by the usual gravimetric method. The amount of incrusting
calcium is the difference between the total amount of calcium
found to remain after boiling, and the amount of it due to dis-
solved normal carbonate of calcium. Corney states that the
solubility of the normal carbonates consists of 20 parts calcium
carbonate and of 17 parts magnesium carbonate per million.
The correction to be applied is, obviously, in terms of calcium
eight parts per million. (20 X 0.40.)
CALCULATION OF THE ANALYSIS.
From the data listed above the analysis may be calculated.
The results are expressed under two separate headings, namely,
Alkalinity and Incrustants; and, as previously mentioned, the
bases are expressed as such.
COMPONENT BASES OF THE ALKALINITY.
Calcium.-To compute the amount of calcium attributing to
the alkalinity, that quantity present as an incrustant is subtracted
from the total calcium.
Magnesium.-It is obvious that the difference between the
alkalinity determined by titration, and that portion found to be
due to calcium, must be an amount of calcium carbonate eq uiva-
lent to the magnesium component of the alkalinity.
COMPONENT BASES OF THE INCRUSTANTS.
Calcium.-This constituent is determined directly by the
method already described.
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Magnesium.-The incrusting magnesium, by reasoning analo-
gous to that used in the computation of the calcium contributing
to the alkalinity, is the difference between the total magnesium
and that constituting a part of the alkalinity.
Total Lncrusianls by Calculation.-The total incrustants in the
water, expressed in terms of calcium carbonate, are clearly the
sum of their component bases, calcium and magnesium, expressed
in terms of calcium carbonate.
The following example is given as an illustration of the appli-
cation of the foregoing procedures:
Constituents
Total Calcium (Ca)
Total Magnesium (Mg)
Alkalinity (CaCO a)
Total Incrustants (CaCOg-)
Incrusting Calcium (Ca)
Parts per
million
98
44
= 252
174
25
Miumesium
Oalculation of the Oomponent Bases of the Alkalinity.
Calcium
(Parts per million)
Total Calcium 98 Alkalinity = 252
Incrusting Calcium = 25 Calcium Component = 183
Calcium as alkalinity = 73 Magnesium as CaCOa = 69
Equivalent Calcium Carbonate = 183 Magnesium 17
44
17
27
= 113
Magnesium
Equivalent calcium car-
bonate
= 63
(Parts per million)
25 Total magnesium (Mg)
Mg component of alka-
linity
Incrusting Mg
Oalculation of the Component Bases of the Incrustants.
Calcium
Incrusting calcium (Ca)
Equivalent calcium car-
bonate
Total incrustants com-
puted = 176
Total incrustants by " Soda
Reagent" =174
To facilitate a comparison of this form of expressing an
analysis with the older method of reporting data for water soften-
ing purposes, the above constituents are shown assembled in the
following table:
Alkalinity
Ca = 73
Mg= 17
Total alkalinity = 252
Half-bound carbonic acid = 111
Incrustants
Ca= 25
Mg= 27
Total incrustants = 176 By "Soda Reagent"
= 174 By Computation
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THE THEORY OF THE ACTION OF LIME AND SODA ASH AS SOFTEN-
ING AGENTS FOR A MAGNESIUM WATER.
Lime and soda ash are of chief economic interest for water
softening upon a large scale. The theory of their action upon a
magnesium water is as follows:
Lime.-As is well known, the softening by lime of hard waters
containing calcium alone, consists only in a neutralization of the
free and the half-bound carbonic acid present. In the presence
of magnesium, however, complications arise owing to the property
of magnesium of forming soluble basic salts. For a magnesium
water, such as was the water under discussion, a neutralization of
the carbonic acid, converts the magnesium component of the
alkalinity to a soluble basic carbonate, the removal of which is
effected only by an additional amount of lime, which is that
quantity sufficient to change the magnesium to the difficultly
soluble hydrate. The incrusting magnesium must also be con-
verted to hydrate since by the action of the soda ash subsequently
added, this portion also of the magnesium is converted to a basic
carbonate requiring an alkali for its precipitation. It is clear
that the amount of lime required to soften a magnesium water is
an amount sufficient to neutralize the carbonic acid, together with
the additional amount necessary to convert to the hydrate form,
the total quantity of magnesium present.
Soda ash.-Soda ash, as is clearly understood, precipitates
the calcium component of the incrustants, and converts to a basic
carbonate the magnesium component. Since the action of lime
upon the incrusting magnesium results in the formation of an
equivalent amount of a calcium incrustant, the bases of the
incrustants may be considered as consisting of calcium alone, so
that, in calculating the amount of soda ash required to treat a
magnesium water similar to the one under consideration, the total
amount of the incrustants may be taken as a basis.
It is apparent that magnesium requires for its removal from a
hard water, an amount of lime twice as great as would an equiva-
lent amount of calcium. And further, that to compute the amount
of lime required, it is necessary to determine only the total
amount of magnesium present in addition to the determination of
the carbonic acid.
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CONCLUSIONS.
The study of the problem of softening a hard water contain-
ing an unusually large relative amount of magnesium, has shown
that the data required to calculate the quantities of lime and of
soda ash necessary to soften it may be obtained without making
a complete mineral analysis. The data are: The carbonic acid,
the total magnesium and the incrustants, From the quantities of
these constituents in the water, together with a determination of
the amount of calcium contributing to the incrustants, there may
be calculated the component bases of the alkalinity and the
incrustants, respectively.
An assembled analysis of the water is readily computed from
these data, and in the opinion of the writer, the statement of the
analysis in terms of the bases present, is in sufficient detail.
Such a method, obviously, avoids all assumptions as to the specific
combinations of the bases and of the acid radicals present. A
determination of the quantity of sulphuric anhydrid in the water
is unnecessary when the calculation of the softening treatment is
based on these data, and therefore the much disputed question of
the apportionment of the sulphates and the bases would not appear
to be a factor in water softening analyses, at least for conditions
similar to those under discussion.
The writer wishes to acknowledge his obligations to Mr.
George W. Fuller for invaluable advice and criticisms, and to Mr.
George A. Johnson, under whose supervision the investigation
was conducted, and with whose valuable counsel and cooperation
this paper has been prepared.
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